In South America, the largest seasonal savanna region is the Brazilian cerrado. Our aim was to study temporal changes in some community descriptors, such as floristic composition, richness, species density, plant density, and cylindrical volume, in a seasonal cerrado, comparing it to a nearby hyperseasonal cerrado. In four different seasons, we placed randomly ten 1 m 2 quadrats in each vegetation form and sampled all the vascular plants. Seasonal changes in floristic composition, species density, and plant density were less pronounced in the seasonal than in the hyperseasonal cerrado. Floristic similarity between the vegetation forms was lower when the hyperseasonal cerrado was waterlogged. Richness and species density were higher in the seasonal cerrado, which reached its biomass peak at mid rainy season. The hyperseasonal cerrado, in turn, reached its biomass peak at early rainy season and, despite the waterlogging, maintained it until late rainy season. In the hyperseasonal cerrado, waterlogging acts as an environmental filter restricting the number of cerrado species able to withstand it. The seasonal cerrado community was more stable than the hyperseasonal one. Our results corroborated the idea that changes in the environmental filters will affect floristic composition and community structure in savannas.
. During the dry season, soil water potentials may remain for some months at values as low as the permanent wilting point, still within the reach of woody plants, but not of herbaceous ones (Franco and Nobel, 1990; Sarmiento, 1996; Franco, 2002) . Drought causes water deficit in plants, affecting metabolism and morphology, reducing growth, and arresting development (Baruch, 1994) . Thus, drought represents one marked
Introduction
Plant-available moisture (PAM) is one of the crucial ecological limitations for the growth of savanna plants, varying both spatially, according to depth, and temporally, as a result of seasonal rainfall (Sarmiento, 1996; Silva, 1996) . In seasonal savannas, soil water potentials are above the permanent wilting point during the rainy season and, consequently, water is available for any plant species (Sarmiento, 1996; Quesada et al., 2004 ; Oliveira stressing moment for several cerrado plants, since it drastically affects herbaceous vegetation with superficial roots (Sarmiento, 1996) . There may be a great seasonality in soil water content at 0-20 cm in cerrado sites, which reaches its lowest amount in the dry season and its highest in the rainy season (Quesada et al., 2004) .
Hyperseasonal savannas experience additionally a second stressing moment in the rainy season. In hyperseasonal savannas, a PAM-limited dry season alternates with a rainy season during which soil is saturated and even waterlogged (Sarmiento, 1996; Sarmiento et al., 2004; Cianciaruso et al., 2005) . During waterlogging, gas exchange between soil and air decreases, as gas diffusion in water is decreased 10,000-fold (Malik et al., 2001) . Oxygen in the soil is rapidly depleted, and the soil may become hypoxic or anoxic within a few hours (Malik et al., 2001) . These effects become more pronounced during prolonged periods of waterlogging, lasting weeks or months, but even short-term, transient waterlogging (lasting hours or days) can have considerable effects on plant growth (Leyshon and Sheard, 1974; Jackson, 1979) . Hypoxia or anoxia are the main limiting factors that reduce aerobic respiration and the absorption of minerals and water by roots, causing a rapid decrease of photosynthesis rate (Baruch, 1994) . Even if waterlogging does not kill vegetation, it influences the competitive abilities of plants, since the severe physiological stress may lower the competitive abilities of plants that would be highly competitive under drier conditions (Jackson and Drew 1984) .
In the Neotropics, the most widespread savanna type are seasonal savannas, where an extended rainless season increases fire frequency; and then, drought and burning provide a neat rhythmicity in community functioning (Sarmiento, 1984) . Hyperseasonal savannas, in turn, are characterised by the alternation of two contrasting stresses during each annual cycle -one induced by drought and fire, the other, by waterlogging -and normally occur on poorly drained bottomlands or depressed regions with slow and ill-defined drainage, especially in the Bolivian and Venezuelan llanos (Sarmiento, 1984) .
The cerrado is by far the largest savanna region in South America, originally covering about two million km 2 , or 23%, of the Brazilian territory (Ratter et al., 1997) , mainly in the Central Plateau. The climate is seasonal, with wet summers and dry winters, classified either as Aw or Cwa following Köppen's (1931) system. The dry season is quite pronounced and, in some cases, may last six months (Ratter et al., 1997) . Rainfall is highly seasonal, with about 90% occurring in the wet season, from October to April, whereas the dry season has close to zero rainfall in some months, with air humidity less than 20 percent in August and September (Ratter et al., 1997; Quesada et al., 2004) . Temporary waterlogging is very restricted in cerrado vegetation, which is basically seasonal (Sarmiento, 1984) . Waterlogged savannas are poorly known, since the relatively low species richness and the inhospitable working conditions make these areas unattractive for fieldwork, which might be the reason for their knowledge status (Kier et al., 2005) . Nevertheless, we related the first occurrence of a hyperseasonal cerrado recently, in Emas National Park (ENP), central Brazil Cianciaruso et al., 2005) .
In a previous study in the hyperseasonal cerrado of ENP, with the same experimental design used here, we found that this community is highly dynamic on a temporal scale . The hyperseasonal cerrado community is dynamic due to waterlogging in mid rainy season which reduces species and plant density, whereas drought reduces diversity . In the early rainy season, though, species density, plant density, and diversity increase . In ENP, the hyperseasonal cerrado is surrounded by a seasonal cerrado that is never waterlogged. The duration of waterlogging in the hyperseasonal cerrado is not long enough to alter its soil characteristics and limitations to the plants growing on it must be a consequence of the direct effects of flooding (Amorim and Batalha, 2006) . Within this framework, we have a suitable situation to test the waterlogging effects in a community located in a region where the majority of species are known to not be able to withstand waterlogging conditions (Joly, 1991; Ratter et al., 1997) , but are well recognised to be able to support drought (Ratter et al., 1997; Quesada et al., 2004) . Here our aim was to study temporal changes in some community descriptors of a seasonal cerrado, comparing it with our previous results in a nearby hyperseasonal cerrado . We were also interested in possible changes in floristic composition of the seasonal and hyperseasonal cerrados throughout the year. We tested the postulate that the relative stability of a community in the face of a perturbation depends on its floristic composition (Silva, 1996) . Stability can be exhibited by different community properties, such as floristic composition, including not only species combinations, but also diversity, demographic patterns, total biomass, cover, and similar system properties (Archer et al., 1996) . As long as there are two stresses, drought and waterlogging, in the hyperseasonal cerrado, we expected larger variation in its floristic composition and community structure throughout the year than in the seasonal cerrado. In other words, we expected the seasonal savanna to be more stable than the hyperseasonal one. So, we tried to answer the following questions: i) does the floristic composition vary in the same way throughout the year in the seasonal and hyperseasonal cerrados?; ii) is the floristic composition of the hyperseasonal cerrado less similar to the seasonal cerrado when the former is waterlogged?; iii) is the seasonal cerrado savanna richer in species than the hyperseasonal cerrado?; iv) does species richness vary throughout the year in seasonal and hyperseasonal cerrados?; and v) do species density, plant density, and cylindrical volume vary in the seasonal cerrado similarly as we previously found in the hyperseasonal cerrado ?
Material and Methods

Study area and data
We carried out this study in Emas National Park (ENP), one of the largest and most important reserves in the Cerrado region, of 132,941 ha. The Emas National Park is located in the Brazilian Central Plateau, southwestern Goiás state, and was included by Unesco (2001) in the World Natural Heritage List as one of the sites containing fauna, flora, and key habitats that characterise the cerrado. Regional climate is classified as Aw according to Köppen (1931) , being humid tropical with wet summer and dry winter. The dry season goes from June to August and the wet season, from September to May (Figure 1 ). Annual rainfall varies from 1,200 to 2,000 mm, concentrated from October to March, and mean annual temperature lies around 24.6 °C (Ramos-Neto and Pivello, 2000) . The Fazenda Paineiras Meteorological Station of the Brazilian Agrometeorological System, located approximately 10 km from the study area, provided the monthly rainfall, soil water availability, and air temperature values within the study period. During this period, total rainfall was 1,531 mm (89% from October to April). The soil water content from the superficial soil layer follows the seasonal pattern of rainfall (Pearson's correlation, r = 0.78, p = 0.002; Figure 1 ).
In ENP, open cerrado physiognomies prevail, almost all characterized as seasonal savannas, covering 68.1% of the total area (Ramos-Neto and Pivello 2000). Physiognomically, the two studied areas are similar: grasslands, with few scattered shrubs and dwarf trees. The hyperseasonal cerrado, in the southwestern portion of the reserve, covers ca. 300 ha and its most abundant species is the grass Andropogon leucostachyus Cianciaruso et al., 2005) . At the end of the rainy season (from February to April), the water table rises up to 0.2 m above soil level, whereas, in the dry season (from June to August), there is a water shortage in the upper soil layers. In the seasonal cerrado, the grass Tristachya leiostachya is the most abundant species (Ramos-Neto and Pivello, 2000) . Both communities are on nutrient-poor soils, classified as Oxisols, with higher aluminium saturation, lower base saturation, high percentage of sand, and low values of pH, organic matter, and phosphorus (Amorim and Batalha, 2006) .
We carried out four surveys in the seasonal cerrado (approximately, 18° 17' 34" S and 52° 58' 12" W ) We delimited a 1 ha area, placing randomly ten 1 m 2 quadrats in each field trip and counting the number of individuals of each vascular plant except seedlings. In the case of cespitose grasses and sedges, we considered as an individual the whole tuft. We measured the height and diameter of each individual at soil level and counted the number of individuals belonging to each species. We identified the species by comparing the collected material to lodged vouchers, mainly the ENP's reference material collected by Batalha and Martins (2002) , but also vouchers lodged at the São Paulo Botanical Institute, IBGE, and University of Brasília herbaria. When identification at species level was not possible, we, or taxonomists, classified them as morphospecies.
Data analysis
To compare the floristic compositions, we constructed a matrix with the species abundance of each survey in the seasonal and hyperseasonal cerrados and did a non-metric multidimensional scaling (NMDS) (Faith et al., 1987; Clarke, 1993) , using PAST software (Hammer et al., 2001) . We calculated the dissimilarities between all pairs of samples using the Bray-Curtis dissimilarity measure (Bray and Curtis, 1957) , a robust measure in recovering ecological distance (Faith et al., 1987; Anderson et al., 2003) . How good the graphical representation of the dissimilarity matrix is can be determined by the 'stress value' (Kruskal, 1964) . Clarke (1993) recommended a stress threshold of 0.2, above which misleading interpretations are likely; therefore, we used this to accept ordination configurations. NMDS has been demonstrated as a robust and usefully unconstrained ordination procedure for Ecology . We used a non-parametric multivariate analysis of variance (Anderson, 2001 ) and pair-wise a posteriori test, both with 4,999 permutations, to test for significant differences (α = 0.05), using the NPMANOVA software (Anderson, 2003) . We corrected the pair-wise P values for multiple comparisons with the Bonferroni method. We also estimated floristic similarity among seasons between seasonal and hyperseasonal cerrados with the abundance-based Chao estimator for Sørensen index (Chao-Sørensen) , which reduces undersampling bias by estimating and compensating for the effects of unseen, shared species (Chao et al., 2005) . This index is better suited than the corresponding classic Sørensen index for assessing compositional similarity between samples that differ in size, are known or suspected to be undersampled, or are likely to contain numerous rare species (Chao et al., 2005) . We calculated the Chao-Sørensen index with 95% confidence intervals (CI), using EstimateS 7.5 software (Colwell, 2005) .
To compare the community structure, we analysed the following variables: species richness, species density, plant density, and cylindrical volume. We defined species richness as the number of species sampled, species density as the number of species per area (spp m ). For the hyperseasonal cerrado, these descriptors, with the exception of species richness, are already published in Cianciaruso et al., (2005) . We calculated an individual-based rarefaction curve with 95% CI curves using the S obs (Mao-Tau) function (Colwell et al., 2004) to compare the number of species we found, that is, species richness in each season, using the EstimateS 7.5 software (Colwell, 2005) . We also compared the total species richness (i.e., number of species in all seasons) between seasonal and hyperseasonal cerrados with the same procedure. As long as species density, plant density, and cylindrical volume were not normally distributed, we log-transformed these data prior to the analyses. We used a two-way ANOVA and Tukey multiple comparisons test (Zar, 1999) to test for significant differences (α = 0.05), with 'vegetation form' being the first factor and 'season', the second one.
Results
Using the floristic data from all field trips, we found 107 species and 31 families in the seasonal cerrado and 64 species and 19 families in the hyperseasonal cerrado (see Cianciaruso et al., 2005; Silva and Batalha 2006 for the species list). We found 19 species not previously related in the ENP flora, nine in the seasonal cerrado and ten in the hyperseasonal cerrado (Table 1) . Moreover, we found 20 species (Table 1) that were not previously related for the Cerrado flora (Mendonça et al. 1998) . The most representative families in both areas were Poaceae and Myrtaceae, followed by Fabaceae and Asteraceae in the seasonal cerrado and Asteraceae and Fabaceae in the hyperseasonal cerrado. In the seasonal cerrado, the grass Tristachya leiostachya presented the highest percentages of total cylindrical volume throughout the year, ranging from 66.9% in the late rainy season to 80.1% in the early rainy season. In the hyperseasonal cerrado, the grass Andropogon leucostachyus presented the highest percentages of total cylindrical volume throughout the year, ranging from 65.7% in late rainy season to 98.9% in mid rainy season. Whereas we found 844 T. leiostachya individuals in the seasonal cerrado, we found only nine in the hyperseasonal one. On the other hand, we found only three individuals of A. leucostachyus in the seasonal cerrado against 1,219 individuals in the hyperseasonal cerrado.
We found a high dissimilarity between the cerrados, with a higher dissimilarity within hyperseasonal cerrado groups than those of the seasonal cerrado (Figure 2) . The 'stress value' was 0.18, validating, thus, the ordination. Assemblages of organisms in seasonal and hyperseasonal cerrados were significantly different in all seasons (P = 0.002; Figure 2 ). For the seasonal cerrado, only the mid rainy season group was significantly different from the other groups, whereas, for the hyperseasonal cerrado, early and mid rainy season were different to the other ones (Figure 2 ). Overall species richness was higher in the seasonal (107 ± 7) than in the hyperseasonal cerrado (64 ± 6). In the seasonal and hyperseasonal cerrados, we sampled, respectively, 55 and 18 species in February (mid rainy season), 58 and 32 species in May (late rainy season), 51 and 26 species in August (dry season), and 61 and 37 species in November (early rainy season). We found the lowest similarity between the two vegetation forms in mid rainy season (Chao-Sørensen index = 0.17 ± 0.07) and the highest in the early rainy season (Chao-Sørensen index = 0.85 ± 0.09).
We found significant differences between vegetation forms and among seasons for all community descriptors (Table 2) . Species richness and species density were always higher in the seasonal cerrado, and we found seasonal changes only in the hyperseasonal cerrado (Table 2; Figure. 3 and Figure 4 ). In the hyperseasonal cerrado, the lowest species richness was during mid rainy season and the highest, in early rainy season (Figure 3) . We did not find interaction between the two factors for plant density (Table 2) . Plant density changed seasonally only in the hyperseasonal cerrado and was significantly different between the vegetation forms only at mid rainy season (Figure 4) . We did not find interaction between the two factors for cylindrical volume (Table 2) , which varied seasonally in both vegetation forms (Table 2; Figure 4 ). In the hyperseasonal cerrado, cylindrical volume was higher throughout the rainy season and, in the seasonal cerrado, at mid and late rainy seasons (Figure 4 ).
Discussion
The floristic similarity between the seasonal and hyperseasonal cerrados was low, showing that the two contrasting stresses (drought and waterlogging) in the latter limit the number and the distribution of species able to grow in those conditions, reflecting the physiological incapacity of most cerrado species in tolerating waterlogging Cianciaruso et al., 2005) . We found 19 species not previously related in the ENP flora. Batalha and Martins (2002) had already stated that the number of species in the ENP could be increased by species not found in their survey, since floristic surveys certainly miss a number of species in a given area, especially those that are not at reproductive Table 1 . Species found in the seasonal cerrado (18° 17' 34" S and 52° 58' 12" W) and hyperseasonal cerrado (18° 18' 07" S and 52° 57' 56" W), Emas National Park, Goiás, central Brazil, which are in addition to ENP's flora (a), that is, not reported by Batalha and Martins (2002) , and in addition to the Cerrado flora (b), that is, not reported by Mendonça et al. (1998) . For the complete species list of these areas, see Cianciaruso et al. (2005) and Silva and Batalha (2006 mately one third of its flora. Waterlogging in hyperseasonal cerrado assembles phylogenetically unrelated species that have converged on similar habitat-use. As a consequence, the habitat-use of the hyperseasonal cerrado is a trait widespread in the phylogeny of cerrado species (Silva and Batalha, 2006) . Moreover, only 16% of the species occurring in the hyperseasonal cerrado might be found as phanerophytes in other cerrado areas, in contrast to 30% of the species in the seasonal cerrado. So, among cerrado species, mainly the herbaceous ones should be able to withstand temporary waterlogging. Seasonal changes in floristic composition were more pronounced in the hyperseasonal cerrado. As in nearby seasonal and hyperseasonal savannas in the Venezuelan llanos (Sarmiento and Vera, 1979) , the hyperseasonal cerrado was less similar to the nearby seasonal cerrado at mid rainy season, when the former was waterlogged, and more similar at early rainy season.
In the seasonal cerrado, species richness and species density were always higher than in the hyperseasonal cerrado. Indeed, seasonal savannas are richer in species than hyperseasonal ones (Sarmiento and Vera, 1979; Sarmiento et al., 2004) . The seasonally inundated hydrologic savannas that are common in the north of the Amazon are also, as with the hyperseasonal cerrado, species-poor communities (Ratter et al., 1997 ). Whereas we found seasonal changes for species richness and species density in the hyperseasonal cerrado , higher in early rainy season and lower when it was waterlogged, we did not find them in the seasonal cerrado, highlighting the increased seasonality in the former as a consequence of its two contrasting stresses (Sarmiento, 1984; Sarmiento et al., 2004 . Similarly, we found seasonal changes for plant density only in the hyperseasonal cerrado . Its lower values of species richness and species de nsity, as well as of plant density when it was waterlogged, also indicated the non-adaptation of most cerrado species in tolerating waterlogging.
At any single moment, most species within communities are uncommon. Nonetheless, these uncommon species may play critical roles by becoming dominant following particular environmental triggers (Lyons et al., 2005) . In highly stressed communities, resource availability limits the number of co-occurring species with similar ecological requirements; therefore, only those species highly adapted to the stressing factor survive (Baruch et al., 1996) . This seems to be true concerning the regional pool of species in the seasonal cerrado, where rare species may become dominant when environmental conditions change, as in the hyperseasonal cerrado, when the waterlogging period appears. Waterlogging may act as an environmental filter (Chase, 2003) , restricting the number of cerrado species, on the one hand, and favoring those few species able to withstand the waterlogging, such as A. leucostachyus, on the other. Besides, dominance spectra in herbaceous layer of tropical savannas frequently show a high degree of dominance by a few grass species (Sarmiento, 1984) . The dominance of T. leiostachya in the seasonal cerrado is probably due to frequent fires that usually burn large portions of the ENP stage at the time of the visit, flower sporadically, are ephemeral, or are inconspicuous, problems that particularly affect the herbaceous component of the vegetation. According to Castro et al., (1999) , there is an almost complete absence of studies that have sampled the herbaceous component in cerrado, in spite of its high richness. In this sense, we found 20 species not reported for the Cerrado domain flora (Mendonça et al., 1998) , reinforcing the poor knowledge of cerrado herbaceous species.
Short-term changes and period pulsation of plantavailable moisture may alter species composition and diversity (Sarmiento, 1996) , since individuals from different species react differently to changes in their environment and affect survival and fertility at population level (Silva, 1996) . Where the environmental situations are seasonal, as in savannas, species are adapted to dynamism and evolve strategies for responding to shifting opportunities (Fjeldsaå and Lovett, 1997) . Consequently, the interaction and occurrence of several environmental factors in savannas should have adapted savanna species to withstand many ecological restrictions (Sarmiento and Monasterio, 1975) , even the environmental constraints resulting from drought and waterlogging in the hyperseasonal savannas.
Of the 131 species we found in both areas, 22 occurred exclusively in the hyperseasonal cerrado, which is approxi- Within the hyperseasonal cerrado, early and mid rainy season were significantly different (P = 0.0001 and P = 0.0002, respectively) than late rainy season and dry season, which did not differ (P = 0.2124). Table 2 . Two-way analyses of variance for species density, plant density, and cylindrical volume in seasonal cerrado (18° 17' 34" S and 52° 58' 12" W) and hyperseasonal cerrado (18° 18' 07" S and 52°57'56"W) in Emas National Park, central Brazil, in four seasons. Different letters indicate significant differences between means (α = 0.05). Hyperseasonal data already reported by Cianciaruso et al. (2005) .
Community descriptor
Feb.
May
Aug.
Nov. Short-term dynamics in cerrados (Ramos-Neto and Pivello, 2000) . We found in all seasons high cylindrical volume percentages of the perennial grasses T. leiostachya in the seasonal cerrado and A. leucostachyus in the hyperseasonal cerrado. Thus, in the ENP, not only the seasonal cerrado grasslands are monodominant, but the hyperseasonal cerrado is as well ; in this case, probably due to waterlogging, since the genus Andropogon also prevails in hyperseasonal savannas of the Colombian and Venezuelan llanos (Sarmiento, 1984) . The herbaceous component should present its greatest development in late rainy season and lowest in the dry season, which is related with the soil PAM (Sarmiento, 1984; Quesada et al., 2004; Sarmiento et al., 2004) . In the cerrado vegetation, grasses are dormant in the dry season, and new growth occurs only after the onset of the rainy season (Quesada et al., 2004) . Considering the cylindrical volume as a reasonable biomass estimator for cerrado plants (Batalha et al., 2001) , the seasonal cerrado reached its biomass peak at mid rainy season, maintaining it until late rainy season, whereas the hyperseasonal cerrado reached its peak at early rainy season and, despite the waterlogging, maintained it until late rainy season . So, the hyperseasonal cerrado may be as productive as the seasonal cerrado, contrary to what was found in Venezuelan llanos, where hyperseasonal savannas are 30% more productive than seasonal ones (Sarmiento and Vera, 1979) .
Factor
Cylindrical volume
There is a hierarchy of determinants, some of them correlated to others, that affects species composition and diversity of savanna communities (Silva, 1996) . At the top of the hierarchy, there is the annual regime of PAM, but other determinants, such as available nutrients, fire, and herbivory, must be considered (Silva, 1996) . Short-term changes and period pulsation of these determinants may alter species composition and diversity, but species within functional groups are not entirely equivalent and, hence, they have different tolerances to environmental pulsation (Sarmiento, 1996) . Therefore, changing conditions may result in a certain degree of floristic replacement, without major changes in the functioning of the system. This means that savannas should be more stable in functional than in floristic terms (Sarmiento, 1996) . In the hyperseasonal cerrado, the two stressing moments, drought and waterlogging, determined the community structure. The hyperseasonal cerrado was more dynamic -in terms of floristic and structural changes -than the seasonal cerrado. Our results corroborated the idea proposed by Sarmiento (1996) and Silva (1996) that changes in the short-term determinants of savannas will affect their floristic composition and community structure.
